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ABSTRACT

Cassini Radar is a multimode radar instrument designed to probe the
optically inaccessible surface of Titan, Saturn's laggest moon. The
individual modes will allow surface imaging, surface topographic
and backscatter measurements, as well as the sui face emissivity
measurcments. Recently, the breadboard model of (his instrument
was builtand has undergone a series of functional and performance
tests. Theresults obtained from these tests indicate that the
instrument design is satisfactory and that the various required
performance parameters are sufficiently met.

1. INTRODUCTION

Cassini Radar is one of the science instruments for the Cassini
Mission - ajoint NASA/ESA mission (o carry out detailed study of
Saturnandits many satellites in early 2000s. Thc Cassinispacecraft
will belaunched in 1997 and will begin orbiting Saturn in 2004. In
order 10 study the surface propertics and processes of Titan, the
largest satellite of Saturn, the spacecralt will make a number of close
flybys of Titan during its 4-year mission. During these flybys, the
Cassini Radar and other instruments onboard the spacecralt will
conductintense observations. Cassini Radar is designed to operate
in four observational modes atspacecraltaltitudes below 22500 km
on both inbound and outbound tracks of cachhyperbolic flyby of
Titan. They include: the imaging mode whichprovides medium-to-
high resolutionimaging. the allimeter mode which measures the
relative surface elevation of the suborbital tracks, the scatterometer
mode whichmeasures Titan's sur face backscatter cocfficients, and
the radiometer mode which measures the sut face emissivity of Titan
as an adjunct to the active radar measurements throughout the entire
pass. Thismode multiplexing strategy is graphically itlustrated in
Fig. I.
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Figure 1. Obscrvational modes used by the Cassini Radar and their
operational range during a Titan flyby. The spacecraft
altitudes during the closest approach (hy) range between
950 kmand 2800 km indiffe rent flybys.

Cassini Radar instrument is developed jointly between NASA/IPL,
lalian Space Agency andits contractor, Alenia Spazio (Al. S). Tbc
flightinstrument consists 01 four major components: the Radio-
-Frequency Electronics Subsystem (RFES), the Digital Subsystem
[[)SS), the Energy Storage Subsystem (. ESS), and the Ku-band
antenna (ANT). After two years of design anddevelopmeny the
Cassini Radar design configuration has been finalized and the
breadboard model has been implemented. Detailed functional and
performancetests of the breadboard model was conducted in the first
quarter 1994 and the breadboard test results will be used to guide the
subsequent design maodificationand fabrication of the flight unit. In
ibis paper, we discuss the functionality, performance paramelters, and
the instrument configuration of ibis sensor.  Recentbreadboar d
lesting results are also presented.

2. RADARMODE D ESCRIPTION

Tradeoffs made between atmospheric absorption, measurement
resolutions. anddetection sensitivity have led In the selection of
13.78 Gl lz as the radar operating {requency. Due 10 the weight and
volume constraints, the Cassini Radar will usc the spacecraft's big b-
gain, 4-m telecommunications antenna during radar operation. 10
extend the imaging coverage. a multiple radar feed structure willbe
mounted on the antenna reflector to generate five antenna beams that
arc adjacentto onc another in the cross-reck dimension. This beam
configuration is graphicallyillustratedin Fig. 2.
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Figure 2. A ntenna beam configuration for the Cassini Radat

The motivation forthe Cassini Radar multimode design is to be able
to accommodate the potentially different types of surfaces on Titan.
Given theuncetiainties in ephemeris and radar backscatter. the
RADAR system per for mance must be robust,  Since theiadar range
will be constintly varying within asingle Titan flyby pass as well as
from pass to pass. ibc radar pat ameters, such as pulse width,
bandwidth, receiver gain. pulse repetition frequency and other timing
parameters. must be updated atreguiar intervals in order to maintain
sulficient sicllal-in-noise ratio on the radar ec hoes. The kevsystem
parameters for cach radar mode arc listed in Table 1.

Paramcters Inaging | Altimeter [ Scatterometer | Radivmeter
Frequency (GHz2) 13,78 13.78 13,78 13,78
Peak power (W) 63 63 63 63
No. of beams ANS Beam 3 Beam 3 All s
Look angle {(deg):

Cross-track 5S¢ 20 0 1610442 1610112

Along-track 1] 0 1610412 1610412
PRY (Kil7) LRt 6.0 [ 4710 5.6 I.080 3.0 N'A
Pulse width (1) 200 - 400 150 500 N\
Bandwidth (KHz) 425,850 | 4250 106 100,000

Table 1 System purame ers for th Cassini Radar modes.

Relatively large uncertainties in the spacecraft ephemeris and
attitude predic tions arc anticipated andhave led to a “burst timing"
design forsignaltransmission and reception.In Ibis timing approach.
the radar transmits aseries of pulses for atime period and is then
switched to receive the return echo burst. After reception, the radar
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switches to, the radiometer mode to collect the surface radiation
measurements,

With such an approach, the uncertainty in timing due to ephemeris
and pointing errors will beaccommodated by adjusting the burst
period and receive data window. Variousradar modes will utilize
different burst timing parameters 10 maximize the science data
collection. In thissection, a brief overview on cachradar mode is
given. A more detailed description can be found in Imeral (1 1993).

2.1 Imaging Mode

During radar imaging, the spacecraft will rotate to cither the left or
theright side of the sub-satellite track according to thepre-
determined command seayence, and all five radar antenna beams
will bc utilized oneat u time to obtainthc maximum possible cross-
track swath coverage. Thetotal cross-track swathcreated by
combining the five illuminated sub-swaths ranges from -120 kmat
spacccralt altitude of 1000 km to -460 km at spacccraft altitude of
4000 km. During a close flyby withho £ 1250 km, the Cassini
Radar can image up to - 1. 1 % of Titan's surface.

Theimage azimuth resolution will be accomplished by unfocused
SAR processing of the ccho bursts. For the burst-timing scheme to
be used by the Cassini Radar, the azimuth resolution is estimated to
be between 350 m and 720 m throughout the imaging period during
cach flyby. Theimage range resolution will be accomplished by
range compression of thelineat FM chirp signals and is proportional
10 the signal bandwidth and the angle of incidence. In the current
design, a850-KHzbandwidth will be used whenthe spacecraft
altitude is 1600” km or less. and a 425- Klz bandwidth will be used at
sgucccrafl altitude between 1600 and 4000 kmin Order to enhance
the SNR. The corresponding range resolution is estimated to be
between 480 mand 640 math <1600 km, nod between 420 m and
2.7 km at 1600 km <11 <4000 km.

Based on the designed radar parameters and the viewing geomeltry,
the thermal SNR of the imaging signalis estimated to range between
14 and 40 JB for asurface backscatter cross-section value of unity.

2,2 Altimeter Mode

This mode will bc used to studythe relative topographic change of
Titan's surface along the sub-satellite track. Operating at spacecraft
altitudes between 4000 kmand 9000 kmi.this mode w illuilize the
central, nadir-pointing antenna beam (Beam 3) for transmission and
receptionof chirp pulse signals ata systembandwidth of 4.25M1 17.
The altimetric measurements collected are expected to have
hori zontal resolutions (pulse-lirrlifcd radar footprints) ranging
between 24 kmand 27 km, and vertical resolutions of about SO m,
Given suchvertical resolution nod the anticipated spacecraft
navigation and pointing uncertainties, we estimate the overall
relative height meas urement accu racy to be of the order of 150 m.

2.3 Scatterometer Mode

This mode is intended to map the radar reflectivities of the
potentially different typesof Titan's surfaces at differentincidence
angles. This mode will “operate at altitudes between 9000 km and
22500 km and will require spacecraft manecuvers to scan the central
antenna beam over the entire Titan disk. To ensure sufficient signal
detection, asmaller bandwidth of 106 KHz will bc used by this
mode. Both surface backscatler and noise-only measurements will

be collected with 1bis mode so that the surface o can be estimated

accuratcly, Depending on therange distance, this mode can detect
sutface backscater coefTicie ntvalues as low as -.35 dB.

2.4 Radiometer Mode

The objective of the radiometer mode is to measure Titan's surface
emissivity at 13.78 GHz. The data collected will bc complementary
lo those collected by the active radar modes since it provides an
additional input into the radar backscatter models. The radiometer
mode will operate at a bandwidth of 100" MHz. When operating in
conjunction with the scatterometer mode, this mode may use up 10
all five beams in order to increase the sur face coverage. Cold-space,
hot-load and cold-load calibration procedures arcincluded in the

Radiometer mode in order to improve the tempera ture mcasurement
accuracy. Our preliminary estimate shows that the surface radiated
temperature can be measured to within£3K.

3. RADAR INSTRUMENT D ESIGN

A simplified flunctional block diagram forthe Cassini Radar is
shownin Fig.3. As mentioned before, the radar consists of four
major components: the Digital Subsystem (DSS), the Radi -
Frequency Electronics Subsystem (RFES).the Energy Storage
Subsystem (ESS). andthe Ku-band antenna. The DSSinterfacesto
the Cassini spacecraft through the high speed science data bus to
receive commands andtimingin formation and provides lor storage
the science and engineering data from the instrument. individual
subsystems reccive spacecralt power during radar operation.
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Fiigure 3. The Functional block diagramfor the Cassini Radar.

‘’he DSS includes the power supply. anintetface unit, a control and
timing unit, and a signal conditioner unit. The power supply receives
the spacecraft 30 VDC power and converts this 10 the voltages used
by the digital units. ‘1 heinterface unit includes a spacecrattbus-to-
rad: ar inter face and a computer which reccives both the radar
operating software nnd aninstruction table which is used to operate
the radar dur ing anoperational sequence. The control andtiming unit
acts upon the received instructions and sets the timing of all the
cvents in the radarsuchasthe pulse bandwidth. duration.repetition
rate, receiver bandwidth, reccive window, and radiometer integration
period. Atl the functions in the R FES and the other portions of the
DSS are controtled through the control and timing unit. The signal
conditioner unit receives the science data and the engincering
telemetry data in analog form and converts these signals to digital
formbefore sending the data to the tlight computer where it is
packetized for transmission to the spacecraft.

The RFES performs most of the analog functions of the radar, The
svstem uses a lincar FM chirp whose bandwidth, duration and offset
arc determined by signals from the controland timing unit toa
digital chirp gencrator. The chirp is then upconverted to the Ku-
band radar trequency.  Fhe amplifier is a traveling wave tube
amplifictwhichreceives conditioned power fromthe ESS. The
amplificris coupled to the antenna through the frontend  electronics
which containg the switches usc(l 10 select the appropriate beam.
The receiver contains the down conversion clectronics and four
selectable bandwidth filters in addition to the wide bandwidth
radiometer circuitry, Thereceiver sends video signalsto the DSS for
digital conversion. The clock from which alltiming signals are
(Ict ivedis provided by anultra stabl ¢ oscillator.

The ESS petforms the functions of abattery in that it supplies the
shorttermhighDC power required by the amplifier while reducing
the shorttermiond to the spacecraft. The spacecraft has no battery
and thus cannot accept short duration high D( powerloads. The
ESS uses a combination of DC-DC converters and capacitors 10 even
the load to the spacecraft power bus.



The Ku-band radar antenna is the shared 4-m diameter science-
tclecommunications antenna. The radar antenna has five separate
horn feeds near the focal point of the antenna at its base. The pulscs
ret’lcct off of a frequency selectable subsurface behind which are
located two of the four antennas frequencies before being retlected
off the main antenna surface.

4. BREADBOARD T'EST RESULTS

In a previous paper (Hensley er al.,, 1993), we have investigated the
Cassini Radar antenna performance and its impacts on SAR
ambiguities. To demonstrate the radar electronics design concept
and 10 assess its functionality and performance in realistic settings,
the breadboa rd model for the RFES, DSS, and ESS has recently been
developed and test data were collected and analyzed. In particular,
the test data were used 10 study the radar timing performance, the
characteristics of the chirp signal used by various radar modes, the
calibration source stability,and the impulse response of the
instrument.

The test dala (digitized pulses) for a given con figuration of radar
parameters were grouped in the same file. Each file consists of
between20 and 200 pulses. After appropriate normalization, the
statistics ona given performance parameter of the data in individual
files were displayed side-by-side for cross-comparison. For instance,
Fig. 4 showsthe test results of the difference between the measured
and theexpected chirp pulse duration, and Fig. 5 shows thetest
results of the difference betweenthe measured andthe expected
chirp bandwidths for the various radar modes. The chirp pulse
duration was varied over the range of 200 and 500 microseconds.
The chitp bandwidths of 4250, 850, 425, and 106Kz used during
these tests correspond to the bandwidths to bc used by the altimeter.,
high-resolution imaging,low-resolution imaging,and scattcrometer
modes (sce Tablel). The testdata were sampled at slightly above
the Nyquist sampling rate. We can see from these two figures that
the randon measurement errors and the system biases are reasonably
small and the performance parameters measured at higher sampling
rates arc very closed to their expected values. On the other hand, the
scatterometer test data, which wet-csamplcd at the lowestrate of 250
KHz, exhibit considerably larger randomness in boththe pulse
duration and bandwidth statistics duc tolarger sampling errors.
Nevertheless, the performance o f the test data of all four modes meet
the requitements (shown as the dotted lines) with comfortable
margins.,

w ¢ ha ve also conducted other performance tests with this
breadboard model, including pulse amplitude, pulse droop. noise
level, amplitude and phase variations, compressed pulse mainlobe
response, peik and integrated compression sidelobes. timing jitter,
and lint- and cold-load stability tests, etc. The results of these tests
have all been satisfactory. Such resultsindicate a viable Cassini
Radar design and verify the functional ity and the pet formance o f the
multimode radar operations.

5. SUMMARY

The Cassini Radar is designed 10 have a wide range of capabiliticsin
orderto encompass a variely of possible surface properties of Titan.
In this paper, we presented an overview of the various radar modes
for imaging, altimeltry, scatterometry, radiometry data acquisition, a
summary of the instrument design, and the recent breadboard test
results, In general, thetest results have verified the multimode radar
performance and have suggestedthat the Cassini Radar design is
-viable. CassiniRadar is currently moving into the flight model
development phase and a fully -integrated flight model is expectedto
be completed by carly 1996.
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Figure 4. Breadboard pulse duration test results.

6 1 ® 4250-kHz (H-R Alimetry)
O B850-kHz (H-R Imaging)

g m 425-kHz (L-R Imaging)
= 41 1 106-kHz (Scalterometry)
g
| {1 ik
&
© ¢
£ o &W et
2
3 t
g -2
3]
m

-4 1

-51

8% 16 32 de s

File Number

Figure 5. Breadbowm d bandwidth test resuits,



